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Abstract 
Photodetectors with broadband optical response have promising applications in many advanced 
optoelectronic and photonic devices. Especially, those with the detection range up to mid-
infrared at room temperature are very challenging and highly desired. Recently, Weyl 
semimetal has been discovered and proposed to be favorable for photodetection since in general 
it breaks Lorentz invariance to have tilted chiral Weyl cones around Fermi level, which leads 
to chirality dependent photocurrents at arbitrarily long wavelength. Furthermore, the linear 
dispersion bands in Weyl cones result in very high carrier mobility and much reduced thermal 
carrier compared with the parabolic ones in narrow-gap semiconductors. Here, we report that 
the Weyl semimetal TaAs based photodetector can operate at room temperature with spectral 
range from blue (438.5 nm) to mid-infrared (10.29 μm) light wavelengths and the responsibility 
and detectivity is more than 78 μA W-1 and 1.88×107 Jones, respectively. This is the first 
photodetector made by a Weyl semimetal and shows its promising in room-temperature mid-
infrared photodetection. 
 
Introduction            
The photodetectors which can convert the light to electric signals have attracted 
many interests since the discovery of photoelectric effects in 1890s1- 6. Those with 
broadband optical response, ranging from ultraviolet, through visible to infrared and 
even terahertz, are of fundamental significance for many applications, such as imaging, 
sensing systems, environmental monitoring, optical communications and analytical 
applications7- 13. According to the photodetection theory14, the semiconductors with 
band gap smaller than the photon energy of incident light can have their electrons 
excited from the valance bands to conduction bands to achieve the photoresponse, 
which boosted the development of photodetectors based on narrow-gap semiconductors 
such as HgCdTe, PbS and PbSe for the detection of broadband lights, especially the 
mid-infrared photons15, 16. However, for semiconductors with band gap comparable 
with or smaller than the mid-infrared light, thermal carriers at room-temperature would 
generate large dark currents overwhelming the photo-generated current, which limits 
the operation of photodetectors fabricated with narrow-gap semiconductors in high cost 
cryogenic temperature. This presents a big challenge for the photodetection in the mid-
infrared range at room-temperature.  
Recently, graphene emerges as a promising candidate for ultra-broadband 
photodetectors due to its gapless band structure and quite large carrier mobility (104 
cm2 V-1 s-1 at room temperature). But the low absorption efficiency, ~2.3% per layer, 
constrains its efficiency in converting light to the electric signal and the generation of 
detectable carriers at room temperature17-19. So far, the broadband graphene-based 
photodetectors with the detecting range from 532 nm to 10.31 μm have been realized 
only under the temperature of 10 K, but the photodetecting signals disappeared when 
the temperature is higher than 150 K8. Hence, several extensive efforts to improve the 
light absorptance and the photoresponse performance of graphene have been made, 
including the creation of a finite band gap and the introduction of various defect states 
but at the sacrifice of the broadband characteristics. 
Weyl semimetal, a recently discovered new quantum state of metal20-25, has been 
proposed to be of great potential value for new-generation photoelectric and electric 
devices since it hosts massless chiral Weyl fermions with linear relationship between 
energy and momentum. Due to this unusual electronic structure, three dimensional 
Weyl semimetal has been expected to have several distinct advantages for a 
photodetector when compared with narrow-gap semiconductor and graphene. Weyl 
semimetals have broadband photon absorption with extremely large absorption 
coefficients, chirality dependent photocurrent,26 extremely high carrier mobility (~104 
cm2 V-1 s-1 comparable with graphene) and largely reduced thermal carrier under room 
temperature. What’s more, the advantages of Weyl semimetals can be maintained in 
three dimensions, different from graphene whose band gap varies and photoresponse 
properties deteriorate with the layers. Inspired by these, we investigated a photodetector 
made by Weyl semimetal TaAs in a broadband regime (from visible 438.5 nm to the 
mid-infrared 10.29 μm) under room temperature. The responsibility and detectivity at 
the ambient temperature within such ultra-broadband regime is more than 78 μA W-1 
and 1.88×107 Jones, respectively. This reveals that Weyl semimetals can be very 
promising materials for broadband photodetectors as advanced photoelectric and 
electric devices.    
 
Results and Discussion 
The absorption spectrum of the Weyl semimetal TaAs in the wavelength range from 
400 nm to 14 μm was characterized at room temperature as shown in Figure 1a, which 
is obtained by spectral diffuse reflectance of TaAs powder and achieved through the 
Kubelka–Munk method27. TaAs has dispersive absorption with varying incident photon 
energy and the absorptance decreases with the wavelength, which is consistent with the 
previous results on its optical spectroscopy and the analysis about its bulk electronic 
states. This indicates that with the decrease of incident photon energy, the electron 
transition process from the valence to conduction bands occurs closer to the Weyl nodes 
and reduces the absorption28. Based on the calibration with a 1030 nm laser29, the 
absorption coefficient 2α varied from 48×104 cm-1 to 6.35×107 cm-1 with the penetration 
depth 
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
 from 42 nm to 0.315 nm in case the wavelength ranging from 400 nm to 14 
μm. This means that the incident photons can be efficiently absorbed and is favorable 
to the broadband photodetection .   
A TaAs single crystal with a rectangular section (2 mm × 2 mm) and the thickness 
of 1.1 mm along the (001) direction was employed for the characterization of its 
photodetecting performance. The incident light was normally projected onto the (001) 
surface as shown in Figure 1b. TaAs absorbs the photons and gives rise to the transitions 
of electrons and generates carriers, which leads to a photocurrent gain, the discrepancy 
between current under light illumination and in dark. A pair of Cu electrodes were 
utilized in the contact with the TaAs sample. Ohmic contact between the photocurrent 
gain sample and electrodes is necessary for efficient transfer of electrons from the gain 
medium to electrodes during photodetection. The dark current (I) without light 
illumination was measured with the varying applied voltage (V) from 0 to 100 μV. The 
I-V curve is presented in Figure 1c and its linearity illustrates that there is no Schottky 
barrier at the contacting interfaces between the TaAs and Cu electrodes30, and the work 
function of TaAs is close to that of Cu with the value of 4.65 eV.  
The photodetection performance of TaAs was investigated at room temperature in 
the wavelength range from the visible 438.5 nm to mid-infrared 10.29 μm with a 2450 
Sourcemeter (also used as a bias source). The illumination sources at 438.5 nm, 963.6 
nm, 2.02 μm, 2.82 μm and 10.29 μm are continuous-wave lasers and those at 3.02 μm, 
4.07 μm, 5.06 μm, and 5.78 μm are pulsed lasers with the repetition rate of 1 MHz. The 
light on-off photocurrents at different incident light power are shown in Figure 2a-e and 
Figure 3a-d with the same applied voltage of 100 μV at the time interval of 30 s. Under 
the illumination with continues-wave lasers, the photocurrent can be observed to 
linearly augment with the incident light power in Figure 2f-j. The maximum 
photocurrent is 10.48 μA at the wavelength of 438.5 nm under the incident power of 70 
mW. Under the same illumination power, the photocurrent shows the minimum at the 
wavelength of 2.82 μm and above 2.82 μm, the photocurrent increases with the light 
wavelength up to 5.78 μm. For the photonresponse at 10.29 μm, the maximum 
photocurrent is about 2.5 μA under the incident light power of 66 mW. The linear 
relationship between the photocurrent and incident power is different from that of the 
graphene photodetector with an introduced midgap defect band, which implies that the 
photocurrent gain in TaAs is simply generated from the transition from the valance to 
conduction bands. In order to characterize the photodetection at other wavelengths, 
pulsed lasers at 3.02 μm, 4.07 μm, 5.06 μm and 5.78 μm were employed. Under the 
same incident laser of 15 mW, we found that the photocurrent increased with the 
wavelength and the maximum photocurrent is 1.5 μA at 5.78μm. 
According to the mechanism of photoelectric effect, the photocurrent can be 
described as31 
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where A is the cross section area of the active layer; V is the applied bias; q is the unit 
electron charge (1.6 × 10−19 Coulombs); μ is the carrier mobility; Δn is the photon-
generated carriers density; Pinc is the incident optical power; hv is the photon energy; η 
is the quantum efficiency (i.e., the number of carriers generated per photon). The 
absorptance of Weyl semimetal TaAs shows a downward trend with the decrease of 
incident photon energy, while the amount of incident photons increases under the same 
light power in the meantime. We think that the photon-generated carrier density 
depending on the wavelength is a result of several effects, such as the quantum 
efficiency, thermal effects and relaxation time of the electrons in conduction band. 
Therefore, the photocurrent was observed to attain a minimum value at the wavelength 
of 2.82 μm and to show a non-monotonic trend over the wavelength range from 438.5 
nm to 10.29 μm.  
To evaluate the ability of converting the light signals into electrical signals and 
detecting signal from noise at a certain wavelength, responsivity (Rλ) and detectivity 
(D*) are commonly used as figures of merits. Rλ and D* are defined as
32- 34  
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Where PLight is the illumination light power and Idark is the current in dark. Rλ has the 
unit of μA W-1 and D* has the unit of Jones. 
According to the equations (2) and (3), Rλ and D* at different wavelengths are 
presented in Figure 4a-b under the same illumination power of 10 mW. Consistent with 
the variation of photocurrent, both the responsivity and detectivity reach the smallest 
values of 78 μA W-1 and 1.88×107 Jones at the wavelength of 2.82 μm. Above 2.82 μm, 
they exhibit a slight upward trend with increasing the wavelength up to 5.78 μm. The 
highest responsivity was measured to be 179 μA W-1 at the wavelength of 438.5 nm, 
corresponding to D* of 4.5×107 Jones. For the photodetecting performance at 10.29 μm, 
Rλ and D* were measured to be 88 μA W-1 and 2.34×107 Jones, respectively. To the best 
of our knowledge, this is the first photodetector based on Weyl semimetal and has the 
broadest range at room temperature. It is noted that the responsivity and detectivity of 
TaAs at 3.02 μm are 86 μA W-1 and 2.13×107 Jones by using a pulsed laser, which is 
obviously higher than those at 2.82 μm measured with a continues-wave laser. 
Associated with the comparable photon energy 0.44 eV (at 2.82 μm) and 0.41 eV (at 
3.02 μm), the discrepancy of Rλ and D* at the two cases may result from less thermal 
generation in the process of photocurrent gain under illumination of pulsed lasers, 
which also indicates that the photodetection performance of TaAs could be further 
improved under lower temperature. In addition, the responsivities of the Weyl 
semimetal TaAs at different wavelengths all show a downward trend with increasing 
incident power (see Supporting Information), indicating that the photocurrent is a result 
of linear processes such as thermal generation or trap-mediated absorption.  
Figure 5 presents the operation spectrum and operation temperature of 
photodetectors based on Weyl semimetal TaAs, pure monolayer graphene and some 
commonly used semiconductor materials, showing that TaAs has the broadest band 
photoresponse (from blue to mid-infrared) under room temperature, while for other 
materials, broadband photodetection only can be achieved at extremely low 
temperature. The results presented above raise the question of why TaAs can realize 
photodetection up to mid-infrared or even longer wavelength under room temperature. 
Chan et al. had discussed several important points in Ref. 26, such as the breaking of 
both inversion and Lorentz symmetries with tilted Weyl cones, the tuning of chemical 
potential and incident light direction. In addition to these, the linear dispersion around 
Weyl cones leads to high carrier mobility and quadratic, instead of square root in 
semiconductors, energy dependence of density of states (DOS). The high mobility 
enhances the efficiency of photocurrent and the reduced DOS around Weyl nodes 
suppresses the thermal carrier. The absorption coefficient is also important to material 
intended for infrared photodetectors35. TaAs has absorption coefficient of 4.8×105 cm-
1 with the penetration depth of 42 nm at light wavelength of 1030 nm29, close to 6.8×105 
cm-1 of graphene17, which is desired for broadband and high detectivity 
photodetectors26. 
In summary, we have experimentally demonstrated the ultra-broadband 
photoresponse of Weyl semimetal TaAs under room temperature. Compared with 
graphene and semiconductors, TaAs definitely has the advantages in the broadest 
detection region and the ambient working temperature based on its massless chiral Weyl 
nodes and fairly large absorptance over a wide spectral range. This work opens up 
exciting opportunities for the application of TaAs in the photondetection. 
 
Methods 
Light sources. In this work, continues-wave lasers with wavelengths of 438.5 nm, 
963.65nm were generated from different continues-wave fiber-coupled laser diodes. 
2.018 μm wavelength light was obtained using a Tm: YGG crystal under the pump of 
a 795nm fiber-coupled laser diode. 2.82 μm wavelength light was obtained using a Er: 
YGG crystal under the pump of a 976nm fiber-coupled laser diode. 10.29 μm was 
generated using a CO2 laser. Pulsed lasers of 3.02 μm, 4.07 μm, 5.06 μm and 5.78 μm 
were provided by an optical parametric amplification (OPA) with a pulse having width 
of 220 fs, and repetition rate of 1 MHz. 
TaAs growth and preparations. Large-size and high quality Single crystals of TaAs 
were grown through the chemical vapor transport (CVT) method36. First, Tantalum foil 
(99.99%), arsenic pieces (99.995%) and the transport agent iodine (99.99%) were put 
into a silica ampule filled of argon (mole ratio Ta:As:I2 =1:1:0.05). After evacuating 
and sealing, the mixture in the silica ampule was heated to 1000 °C over 72 h and TaAs 
polycrystalline was produced. Then the ampoule was kept in a temperature field (the 
hot and cold ends were held at 1020 °C and 980 °C) for two weeks and finally cooled 
down to room temperature by shut down the power. The (001) surface of the as-grown 
1.1 mm thick TaAs single crystal is used for the photoresponse measurements.    
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Figure 1 (a) The normalized absorptance of TaAs as a function of wavelength. The 
absorptance declines with the increase of wavelength and tends to be gently in the mid-
infrared regime. (b) Schematic of the experimental setup. The focused laser beams were 
shed into TaAs in normal incidence condition. Continues-wave lasers and pulsed lasers 
b 
a c 
were employed as light sources. The laser spots were focused to ~1mm and ~2 mm for 
continues-wave lasers and pulsed lasers, respectively. (c) The I-V curve of the device. 
Measurements were conducted by applying bias voltage from 0 V to 100 μV. The curve 
is linear, which demonstrates that there is an efficient electronic transport path between 
the electrodes and TaAs sample. 
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Figure 2 Photoresponse features of TaAs under excitation of continues-wave laser at a 
fixed bias voltage of 100 μV. Time-dependent photocurrent of TaAs at wavelengths of 
(a) 438.5 nm, (b) 963.65 nm, (c) 2.018 μm, (d) 2.82 μm, (e) 10.29 μm with periods of 
on-off operation at the time interval of 30 s. Photocurrent versus incident power at (f) 
438.5 nm, (g) 963.65 nm, (h) 2.018 μm, (i) 2.82 μm, (j) 10.29 μm. The inset in (f)-(j) 
are spectrums of the excitation wavelengths.  
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Figure 3 Photoresponse features of TaAs sample under excitation of pulsed laser at a 
fixed voltage bias of 100 μV. Time-dependent photocurrent of TaAs at wavelengths of 
(a) 3.02 μm, (b) 4.07 μm, (c) 5.06 μm and (d) 5.78 μm with periods of on-off operation 
at the time interval of 30 s. Photocurrent as a function of incident power at (e) 3.02 μm, 
(f) 4.07 μm, (g) 5.06 μm and (h) 5.78 μm, where both axes are in the logarithmic scale. 
The inset in (e)-(h) are spectrums of the excitation wavelengths. 
 
c g 
b f 
d h 
  
Figure 4  The (a) responsivity Rλ and (b) detectivity D* of TaAs as a function of 
excitation wavelengths under the same pump power (10 mW). Under continues-wave 
lasers, Rλ and D* decrease with increasing the wavelength, while exhibit a slight upward 
trend under pulsed lasers pumping, indicating a complex process of carries generation 
and transfer. 
 
Figure 5  Operation spectrum and operation temperature of photodetectors based on 
different materials.  
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